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It has long been known that the effect of the addition of the inactive gases to substances emitting spectra in certain cases modifies to a great extent their normal spectra. In some cases entirely new spectra are excited. Many remarkable results have been found by previous investigators using hydrogen. Liveing and Dewar' in 1900 observed that the higher members of the Balmer series were excited in mixtures of hydrogen and the rare gases, and more recently Merton and Nicolson2 have examined the same mixtures. Later Merton3 examined the secondary spectrum when excited in mixtures of helium,and a trace of hydrogen at a total pressure of 40 mm. of Hg. The author in a paper in publication (Philosophical Magazine) has found that the Balmer lines are also excited more strongly in mixtures containing-an excess of oxygen. The present paper is an account of part of the investigation which has been made in the Physical Laboratory of The University of St. Andrews on the effect of foreign gases on gaseous spectra; the effect of the addition of helium to hydrogen was investigated by the writer in an attempt to find a possible explanation of the observed changes in the relative intensity of the lines of the secondary spectrum of hydrogen.
Apparatus.-Two Hilger discharge tubes were mounted so that either could be brought into line with the spectrograph and so the spectra from each tube could be photographed in juxtaposition. The hydrogen was generated by the electrolysis of a dilute solution of sodium hydroxide and dried in the usual manner by means of a system of drying agents. (3) lines which show an increase in intensity after the addition of helium.
It was found from the examination of the secondary spectrum in the region photographed the lines of the triplet system are, in general, unaffected or increased in intensity, while the lines of the singlet system are generally diminished in intensity. The triplet lines which showed the greater enhancement belonged to the systems recently arranged by Richardson and Davidson' and also by Sandeman.7 The continuous spectrum of hydrogen was markedly increased in intensity in the spectrum of the helium and hydrogen mixture.
An explanation of this enhancement of the lines of the triplet system and decrease in the intensity of the lines of the singlet system relative to their intensities in a pure hydrogen discharge may be given assuming that the helium brings about a limitation of electron velocities.
Brasefield8 has studied the variation of the lines of the secondary spectrum of hydrogen and he found that the most important factor which influenced changes in intensity was the velocity of the exciting electrons. He observed that there was always a decided difference in the behavior of the singlet and triplet lines. The curves showing the variation of intensity of the lines of the triplet system with the energies of the exciting electrons had no maxima in the range of velocities used but seemed to be approaching one slightly above 19 volts. On the other hand the singlet lines showed a decided maximum of intensity, between 30 and 40 volts. Massey and Mohr9 have now verified Brasefield's experimental results; from theoretical considerations they obtained curves showing the probability of excitation with the velocity of the exciting electrons. They found that in a two electron system the triplet states differ from the singlet states in their behavior toward electron impact. The probability of exciting a triplet state had a sharp maximum for electron energies just above the excitation potential, whereas in the case of singlet states the maximum probability is not sharply defined and occurs at energies greater than the excitation potential of the lines.
The above results may now be applied in the case of the helium and hydrogen mixtures. 'Helium has metastable states at 19.73 and 20.51 volts and an ionization potential at 24.47 volts. Since the pressures of helium were high it is extremely probable that the helium brought about a limitation of the electron velocities. Therefore, since the excitation functions of the lines of the two systems of hydrogen are different at lower electron velocities compared with that at higher velocities, a redistribution of the intensity of the lines of the secondary spectrum would take place. The lines of the triplet system would therefore be enhanced and the lines of the singlet system diminished in intensity.
As has been pointed out above, the continuous spectrum of hydrogen was very much stronger in the mixtures of helium and hydrogen than in pure hydrogen.. This observation strengthens the fact that the probability of exciting the triplet states is greater than the singlet states whet helium is present. There have been many theories to explain the continuous spectrum of hydrogen; the most recent theory put forward to explain its excitation and one which is now generally accepted is that due to Winans and Stueckelberg.10 They suggested that the continuous spectrum was due to transitions from the higher excited triplet states to the normal unquantized triplet level-132. Now since we have shown by the method of limitation of velocities that the triplet states would be more probably excited than the singlet states in the mixtures of helium and hydrogen it follows that the continuous spectrum would necessarily be enhanced.
A number of the bands of the secondary spectrum of hydrogen, as arranged by Richardson, were particularly examined in order to study the relation between the change in intensity with change in rotation quantum number. Although Richardson's" previous results were verified and somewhat extended, no theory can at present be put forward to explain the apparent regular variation in the intensity with increase in rotation quantum number. At present the writer is continuing the investigation of the excitation of rotation states of electronic bands, with special attention to their excitation by impacts of 'the second kind, at the University of Michigan.
Conclusion.-An examination of the secondary spectrum and continuous spectrum of hydrogen has been made in mixtures of helium and hydrogen. The lines of the triplet system were found to be, in general, increased in intensity relative to the lines of the singlet system; at the same time the continuous spectrum was very much stronger. This has been explained by the limitation of electron velocities by the helium, which would increase the probability of exciting the triplet states of hydrogen.
No theory can as yet be put forward to explain the change in intensity of the lines in the bands of the secondary spectrum with change in rotation quantum number.
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